The intermediate disturbance hypothesis has been influential in the development of ecological theory and has important practical implications for the maintenance of biodiversity but has received few rigorous tests. WC tested the hypothesis that maximum taxon richness of macroinvertebrates will occur in communities subject to intermediate levels of disturbance at 54 stream sites that differed in the frequency and intensity of flood-related episodes of bed movement. Our results support the intermediate disturbance hypothesis, with both highly mobile and relatively sedentary taxa conforming to the predicted bell-shaped curve. Taxon richness was not related to habitat area (stream width), distance from the headwater, or the diversity of microhabitats (particle size categories) but was significantly and negatively related to the proportion of the substratum made up of small particles. Of all the factors measured, however, bed disturbance was by far the best at accounting for variation in taxonomic richness. We also quantified several kinds of potential refugia for invertebrates and found a positive relationship between richness and a refugia axis that combines amount of dead space with proportion of large substratum particles.
The intermediate disturbance hypothesis, whose genesis can be traced back to Hutchinson (1953) and Horn (1975) , was proposed by Connell (1978) to account for patterns of diversity in tropical rainforests and coral reefs. It has occupied a central place in the development of ecological theory because all communities are subject to disturbances that exhibit different frequencies and intensities. It also has important practical implications for the maintenance of biodiversity, of which species richness (the number of species present) is the most basic component. The hypothesis is based on the argument that ecological communities seldom reach an equilibrium state, in which the competitively superior species exclude others, because disturbances that kill or damage individuals will continually set back the process of competitive elimination by opening space for colonization by less competitive individuals. For this idea to work, there must be a trade-off between species' colonizing ability and competitive ability, and the habitat must be patchy and dynamic (Wilson 1994) . At one extreme, patches that are frequently and/or intensely disturbed are expected to exhibit low species richness because few species are able to colonize during the brief periods between disturbances or tolerate the high intensities of their impact. At the other end of the scale, patches in which disturbances are infrequent and/or of low intensity are expected also to be poor in species because they I Present address: National Institute Research, Hamilton, New Zealand.
of Water and Atmospheric become dominated by competitively superior taxa. Richness should be highest at intermediate levels of disturbance because both rapid colonizers and more competitive species co-occur.
Despite its importance, the intermediate disturbance hypothesis has received few rigorous tests. An appropriate test requires, first, a measure of disturbance that is relevant to the organisms and, second, a sufficient number of replicate communities that are similar, in general, but which differ in their disturbance regimes. Streams offer an excellent opportunity for testing the hypothesis . Disturbances in streams often take the form of bed movements during periods of high discharge; because of differences in flow regimes and in the substrata of stream beds, some stream communities are disturbed more frequently and to a greater extent than others. We quantified the bed disturbance regime at a number of stream sites and tested whether the pattern of richness in benthic macroinvertebrate taxa conforms to the intermediate disturbance hypothesis.
Refugia, which may act to lessen the effects of disturbance, have been postulated to exist at various spatial scales in streams (Sedell et al. 1990; Townsend and Hildrew 1994) , but their availability and use by invertebrates have received little study (Scarsbrook and Townsend 1994) . Local refugia that may be exploited by benthic invertebrates include large stable substratum particles , dead zones (where shear stresses on the bed are always low, even at high discharge) (Lancaster and Hildrew 1993, 1994) , and the hyporheic zone (interstitial habitat deep in the stream bed) (Palmer et al. 1992) . On a larger scale, areas upstream may act as a refugium for colonizers that drift downstream to disturbed locations , nearby tributaries may provide colonists arriving as flying adults , and floodplains may provide refugia into which animals move during a flood and then return as discharge subsides (Badri et al. 1987) . We attempted to quantify several categories of potential refugia and to determine relationships between their availability and taxon richness.
Methods
Study sites-Our study involved two sites on each of 27 tributaries of similar order scattered throughout a 2991 -km2 area in the Taieri River catchment on the South Island of New Zealand (Fig. 1) . Each site was approximately 30 m in length and comprised a single pool-riffle sequence. Distance between the upper and lower sites on each tributary ranged from 200 m to 15 km. Sites varied in mean width (1.07-7.25 m-measured as wetted width at baseflow in spring for six cross sections), mean discharge (9-1,760 I s-l; discharge was continuously monitored on the main stem of each catchment from July 1993 to June 1994 by the National Institute of Water and Atmospheric Research Ltd. while each tributary had maximum flow indicators and was regularly gauged to allow the correlation of flows in the tributaries with those of the mainstem), stream slope (0.11% to 9.92%-measured over a 30-m reach with an Abney level), distance from furthest headwaters (0.65-45.15 km-estimated from topographical maps) and median particle size (medium gravel, 16 mm diameter, to large cobble, 256 mm diameter-assessed from 100 randomly chosen particles). Diversity of particle sizes at a site was measured as the evenness of representation of 12 substratum size classes (E = H'/ln S with S as the number of size classes); all were present at every site so that evenness is a measure of the extent to which many microhabitats are available in substantial quantities.
Assessment of disturbance-To assess bed disturbance during high discharge events, particles taken from the immediate area of each study reach and corresponding to the 50th, 75th, and 90th percentiles of the substratum size distribution (excluding bedrock) were painted and arranged on the surface of the stream bed in regular arrays (five rows of three particles in each of the three size classes randomly assigned to transects placed 1 m apart). The movement of these particles was monitored on five occasions from September 93 to June 1994, a period when some unusually large discharge events occurred. On each occasion, particles that had moved were noted and replaced. Mean intensity of bed disturbance at a site was calculated as the average of the percentage of the painted tracer particles of all size classes combined that moved between consecutive sampling occasions (log-transformed). Frequency of disturbance was taken to be the proportion of periods (of the five) during which at least an arbitrarily chosen 40% of particles moved (all size classes combined).
Assessment of refugia-Our assessment of refugia is tentative because it has not generally been determined whether invertebrates actually use the refugia proposed by theorists. We have measured six variables that we consider to be potential indices of potential refugia. (1) The proportion of 100 randomly selected substratum particles from the streambed that were large (diameter > 128 mm). (2) The amount of dead space on the stream bed, assessed as the percentage of 100 random shear stress measurements, taken at base flow in summer, which were less than 0.771 X 10 PN cmP2. This value corresponds to the critical shear stress required to move a hemisphere (3.85 cm radius) with density 1.015 g cm-", the lightest in a set of 24 hemispheres differing only in density which are used to estimate near-bed shear stress (Statzner and Mtiller 1989; Statzner et al. 1991) . It was not possible to estimate shear stress under high discharge conditions. (3) An index of the potential depth of the hyporheos (interstitial space in the bed inhabited by invertebrates), obtained by averaging the depths to which a metal sounding rod (16 mm diameter, 1.5 m length) could be hammered into the substratum at 10 randomly chosen points. Invertebrates occur in loose bed material to the depths measured (pers. obs.), whereas none can occur at a depth where bedrock exists close to or at the bed surface. (4) An index of the drift refugium, measured as the length in km of all stream channels upstream of the site. (5) An index of the aerial refugium, measured as the length in km of stream channels within an arbitrary 1 km of the site. (6) An index of floodplain availability, classified into four classes according to the angle of the upper streambank; l-highly constrained channel with minimal floodplain (bank gradient >50"), 4-unconstrained channel with maximal floodplain (bank gradient <30"), 2 and 3 are intermediate.
Sampling of invertebrates-While
the physical measurements at each site were taken during 1993-1994, invertebrates were sampled in two periods. On tributaries 1-21, four Surber samples (area 0.06 m2, 300 pm mesh, two each in a pool and a riffle) were taken from random locations in the 30-m study reaches in the austral summer between 2 January and 7 February 1990 as part of a large-scale, longterm study of sites within the Taieri River system (Townsend et al. 1997) . Size-class composition of the bed material and other physical conditions at these sites did not change between 1990 and 1994 (pers. obs. on frequent site visits). Thus, the indices of disturbance and refugia availability derived in 199311994 can provide an acceptable comparative representation of conditions in 1990. Macroinvertebrates at sites in tributaries 22-27 were sampled, using the same techniques, between 17 January and 1 March 1994, a few weeks after some uncharacteristically large .floods in the Taieri catchment, the largest of which (1,467.2 rn? s-l measured below the confluence of tributaries 5-27; see Fig. 1 ) had a return period of about 30 yr (National Institute of Water and Atmospheric
Research, Dunedin, New Zealand, pers. comm.). In contrast, the 1990 sampling dates followed a period of low flow without major flood disturbances (mean discharge for the period 30 November 1989 to 31 March 1990 = 6.2 rn" s I, maximum discharge = 110.3 m3 s-l). This presented an opportunity to assess the influence of the timing of the most recent major disturbance on invertebrate richness.
Invertebrate samples were preserved in the field in 70% ethanol. In the laboratory, animals were removed from the samples and identified to species wherever possible, using the keys of Winterbourn and Gregson (1989) for Insecta, Winterbourn (1973) for Molluscs, and Chapman and Lewis (1976) for Crustacea and Acarina. When specific names could not be reliably assigned, taxa were identified to the genus level. Likewise where species have not been formally described, family or subfamily names are given. A list of taxa is provided in Table 1 . Taxon richness was calculated as the number of invertebrate taxa recorded at each site.
Treatment of data-The relationships among physical variables were explored by correlation analysis (Pearson's r), applying Bonferroni-adjusted probabilities to provide protection for multiple tests.
The relationships between invertebrate taxon richness at the 54 stream sites and our a priori indices of disturbance were explored using regression analysis. Simple and stepwise multiple linear regressions were used to discover the models that produced the highest coefficients of determination (R2). Moreover, because the intermediate disturbance hypothesis predicts a bell-shaped curve we repeated the exercise using polynomial regression models.
The relationships between taxon richness and the availability of each of our postulated refugia were also investigated by regression analysis. In addition, we constructed combined refugia axes as follows. Each variable was scaled between 0 and 1 using: xv = (zi, -min)/(max -min) where z,~ is the value of the jth variable for the ith site, min is the smallest value of the jth variable, and max is the highest value of the jth variable. A noncentered principal components analysis then ordered the sites according to their reFugia availability. This analysis takes into account the potential synergistic effects of the refugium variables. All combinations of refugia variables were investigated for their relationships with taxon richness.
The significance of regression coefficients (slopes and intercepts) against 0 was tested using analysis of variance (null hypothesis rejected if Foba 1 F,-,,,,,). The use of linear regression models requires data to be distributed normally and homoscedastic. Tests of normality (Lilliefors 1967) and the examination of residuals showed that log transformations were needed to meet these assumptions for intensity of bed disturbance, distance to the furthest headwater, index of hyporheos, percentage of large particles, in drift refuge, aerial refuge and combined abundance of invertebrates.
Results
The relationships among physical variables are shown in Table 2 . The intensity and frequency of disturbance were positively correlated. The percentage of particles that were small (8-32 mm in diameter) was positively correlated with the intensity and frequency of disturbance and hyporheos depth. Drift refugium, aerial refugium, and distance to the furthest headwater were strongly positively correlated with each other. Deadspace was negatively correlated with frequency of disturbance, drift refugium, and distance to the furthest headwater.
Taxon richness was highest at intermediate intensities and frequencies of disturbance (Fig. 2) , conforming to the intermediate disturbance hypothesis. The overall relationship between richness and the intensity of disturbance (IoD) was well described by a second-order quadratic regression [richness = 177.0 (563.2, 95% CL) log IoD -61.2 (k21.1) log loD2 -102.3 (246.8); regression line shown in Fig. 2 ; 95% confidence limits are significantly different from zero at P < O.OOOl]. The coefficient of determination for the quadratic regression model (R2 = 0.42, P < 0.0001) was much greater than that obtained from a simple linear regression model (R" = 0.04, P = 0.16). The possibility that site 15 was an outlier biasing the overall result (see Fig. 2 ) was tested by reanalyzing the data after excluding the datum for this site; the quadratic relationship remained highly significant (R2 = 0.38, P < 0.0001). The relationship between richness and frequency of disturbance also conformed to the predicted bell-shaped curve (ANOVA of richness in six frequency categories, F-value = 10.08, P < 0.0001). (A Tukey HSD multiple comparison test demonstrated significantly lower taxon richness for FoD = 0.0 than 0.4, and also for FoD = 0.2 than either 0.4 and 0.6; taxon richness was significantly higher for FoD = 0.4 than any of 0.6, 0.8, and 1.0.) The relationships with richness for IoD and FoD are essentially the same because intensity and frequency of disturbance were strongly correlated in our study. Results presented in the rest of this paper are restricted to intensity of disturbance.
Relationships between taxon richness and the intensity of disturbance were similar in the upper and lower sets of sites from the 27 tributaries but the percentage of variance explained was somewhat higher in the upper set of sites [upper sites: richness = 200.1 (58 1 .O, 95% CL) log IoD -70.5 (528.4) log IoD2 -115.2 (k57.3); R2 = 0.52, P < 0.0001; 95% CL are significantly different from zero at P < 0.0005, P < 0.0001, and P < 0.0001, respectively; lower sites: richness = 196.0 (5143.1, 95% CL) log ToD -66.1 (k46.0) log IoD2 -120.1 (L 109.7); R2 = 0.36, P = 0.005; 95% CL at P < 0.01, P < 0.007, and P < 0.04, respectively]. In both cases the coefficients of determination for quadratic regression models (see above) were greater than those obtained for simple regression models (upper: R2 = 0.00, P > 0.95; lower: R2 = 0.12, P = 0.08). Perusal of Fig. 2 also shows that the 1994 (postflood) subset of sites (tributaries 22-27) conformed to the overall relationship just as well as the 1990 subset (tributaries 1-21). n l.E n s
The number of sampled organisms differed from site to site (Fig. 3a) and samples containing more individuals are expected to contain more taxa. To check the possibility that the pattern of richness might be an artifact arising through a relationship between abundance and disturbance, we investigated the ratio of taxon richness to abundance (logtransformed) and found a second-order quadratic relationship between this ratio and intensity of disturbance similar to that between richness and disturbance [ Fig. 3b ; richness/ abundance = 48.9 (220.4, 95% CL) log IoD -17.0 (26.9) log IoD2 -26.9 (215.2); R2 = 0.37, P < 0.0001; 95% CL all at P < O.OOOl]. The R2 value resulting from the quadratic regression model was again higher than that obtained from a simple regression model (R2 = 0.05, P = 0.09).
The Shannon diversity index (H' = -x:f..,pi In pi, where pi is the proportional abundance of the ith taxon) also showed a quadratic relationship with intensity of disturbance [Shannon diversity = 10.1 (k7.7, 95% CL) log IoD -3.8 (k2.9) log IoD2 -3.9 (25.7); R2 = 0.27, P < 0.001; 95% CL at P < 0.015, P < 0.005, and P = 0.27, respectively] (Fig. 3~ ). This index has two components-richness and the evenness of the distribution of individuals among taxa. Evenness (E = H'/ln S with S as the richness of invertebrate taxa) was negatively, linearly correlated with the intensity of disturbance [evenness = 0.9 (20.2, 95% CL) -0.2 (50.1) log IoD, R2 = 0.13, P < 0.008; 95% CL at P < 0.0001 and P < 0.008, respectively] (Fig. 3d) . A quadratic regression model was not appropriate in this case (quadratic term not significantly different from zero).
Invertebrate taxa may be divided into those that are mobile and those that are more or less sedentary (Table 1 ). Figure 4 shows that both mobile and sedentary taxa conform to the pattern predicted by the intermediate disturbance hypothesis [mobile taxon richness = 156.2 (L55.9, 95% CL) log IoD -54.4 (+ 18.7) log IoD2 -90.0 (241.5); R2 = 0.44, P < 0.0001; 95% CL all at P < 0.0001; sedentary taxon richness = 20.8 (5 15.2, 95% CL) log IoD -7.1 (25.1) log IoD2 -12.0 (211.3); R2 = 0.14, P = 0.021; 95% CL at P < 0.01, P < 0.01, and P < 0.04, respectively]. The R2 values resulting from quadratic regression models were again higher than those obtained from simple regression models (mobile: R2 = 0.06, P = 0.07; sedentary: R2 = 0.01, P = 0.55).
Taxon richness was not significantly related to stream width (Fig. 5a ), distance to the furthest headwater (Fig. 5b) , or the diversity of particle sizes at a site (Fig. 5~) . When individual particle size classes were considered, however, richness decreased with an increase in the proportion of the substratum composed of small particles [richness = 26.7 -0.14X, where X = proportion of particles 8-32 mm in diameter; R2 = 0.13, P < 0.009; 95% confidence limits 2.8 (P < 0.0001) and 0.1 (P = 0.009), respectively].
The relationships between taxon richness at the 54 stream sites and the availability of each of the six postulated refugia are shown in Fig. 6 . Taking the variables separately, only the amount of dead space showed a significant relationship with richness [richness = 15.8 (24.8, 95% CL) + 0.5 deadspace (L-0.3) -0.005 (+0.004) deadspace2, R2 = 0.19, P < 0.005; 95% CL at P < 0.0001, P < 0.008, and P = 0.03, respectively]. A refugia axis that combines the amount of dead space with the proportion of large substratum particles was positively and linearly related to taxon richness [richness = 19.1 (24.3) + 6.9 (25.7) refuge; R2 = 0.13; P < 0.008; 95% CL at P < 0.0001 and P = 0.016, respectively].
A stepwise multiple regression involving all of the physical variables failed to detect a combination of variables that could explain more of the variation in taxon richness than was accounted for by the intensity of disturbance alone.
advantages. The first, used here, concentrates on patterns in natural communities and seeks to establish whether taxon richness peaks, as predicted, at intermediate levels of disturbance. Because it deals with natural situations this appreach has the advantages of realism and, perhaps more important, utility. Support for the hypothesis may provide the knowledge to engineer the maintenance or enhancement of biodiversity by, for example, manipulating discharge re- factor correlated with disturbance; correlation does not prove causation. We have tried to deal with the potential confounding effects of intercorrelated factors in our analytical approach; however, of all the factors measured, bed disturbance accounted for the most variation in taxonomic richness. The second approach seeks to check the veracity of the mechanisms underlying the intermediate disturbance hypothesis; that is, the trade-off between competitive and colonizing ability under contrasting disturbance regimes (e.g. Sommer 1995) . Such an approach can be informative but is unsatisfying unless it has been established that the predicted pattern in richness actually exists and that the proposed mechanism is actually at work in the natural environment. The ideal study, which has not yet been performed, will combine both approaches. One reason for this lack of a combined approach is the enormous amount of work required either to determine the pattern or to establish the mechanism. To provide evidence of competitive exclusion among just a pair of stream invertebrate species requires a substantial effort (e.g. Hemphill and Cooper 1983) . The extension of pairwise competition studies to large species assemblages, and the incorporation of investigations of colonizing as well as competitive abilities of taxa, provides a major challenge for the future.
In our study, it is likely that low taxon richness at high frequencies and intensities of disturbance reflects the poor ability of some stream invertebrates to colonize or persist in such situations. Whether low richness at low frequencies and intensities of disturbance is due to competitive exclusion, as proposed in the intermediate disturbance hypothesis, is uncertain. Competitive exclusion in streams is expected to be more likely between species that are relatively sedentary and compete for space (Hemphill and Cooper 1983; McAuliffe 1984; Frid and Townsend 1989) . However, in the River Taieri both sedentary and highly mobile taxa conform to the intermediate disturbance pattern, indicating that competition between mobile taxa (e.g. Kohler 1992 ) may be more influential than previously thought. The finding that evenness was higher in less disturbed sites is consistent with the hypothesis that competitive forces structure these communities by eliminating rare species, but the pattern is also consistent with some rare taxa gaining more members. Further work will be needed to resolve these conflicting hypotheses.
The upper and lower sites in each tributary often differed substantially in their disturbance regimes because of increased discharge between them and/or differences in the size class composition of their substrata. The predicted quadratic relationships were similar in the two sets of sites, but with the percentage of variance explained somewhat higher in the upper set of sites. It is possible that the tendency of invertebrates to drift downstream (Brittain and Eikeland 1988) confounds the relationship between taxon richness and disturbance regime at downstream sites.
The 1990 samples were taken after a period of low flow without major floods, whereas the 1994 samples were taken a few weeks after some large floods. We might have expected the 1994 samples to contain fewer species, being dominated by a few, rapidly colonizing species. It is of interest, therefore, that the relationship for the 1994 subset conforms to the overall relationship just as well as the 1990 subset, indicating that the timing of the most recent major disturbance had little impact on the pattern of taxon richness.
Other proposed patterns of species richness in streams were investigated but not supported. Thus, there were no significant relationships between species richness and habitat area (assessed as stream width) (Townsend and Hildrew 1994) or distance downstream (Vannote et al. 1980) , nor was there a relationship between species richness and the diversity of substrata (microhabitats) available at a site (Townsend 1991) . Richness, however, was observed to decrease with an increase in the proportion of the substratum made up of small particles (8-32 mm diameter). Because sites with smaller particles will experience a higher level of disturbance for a given discharge event, the decrease in richness observed from intermediate to high disturbance levels might conceivably be due to a substratum size effect and not to disturbance per se. However, while intensity of disturbance explains more than 42% of the variance in richness, the variance explained by small substratum was only 12.5%. In addition, the relationship with substratum particle size cannot explain a decrease in richness from intermediate to low disturbance levels.
Whether frequency or intensity of disturbance is the more influential in determining species richness in our streams is a moot point. A greater frequency of disturbance may reduce richness by excluding taxa that cannot quickly recolonize in the intervals between disturbances and a lesser frequency may permit competitive exclusion of species that are capable colonists but poor competitors. An intermediate frequency allows both sets of species to co-occur. On the other hand, a greater intensity of disturbance may exclude species because local refugia become inoperative (even large particles, dead space and the hyporheos are disturbed) whereas largescale refugia (drift, aerial, floodplain) predominate and may provide sources of long-distance colonists. A lesser intensity of disturbance may lead to low richness because most of the bed is relatively stable over the long term and competitive exclusion occurs. Finally, an intermediate intensity of disturbance permits coexistence of a wider variety of species because of the presence of a range of local and large-scale refugia. In operational terms, it may be impossible to dis- Fig. 6 . Relationships between richness of invertebrate taxa and various possible refugium categories: (a) proportion of streambcd substratum particles that were large (diameter > 128 mm), (b) potential amount of dead space (percentage of the streambcd whcrc shear stress was negligible, measured at base flow in summer), (c) potential depth of hyporhcos, (d) potential extent of drift refugium, (e) potential extent of aerial refugium, (f) potential availability of floodplain refugium (l-highly constrained channel with minimal floodplain, &-unconstrained channel with maximal floodplain), and (g) a refugia axis that combines dead space and proportion of large substratum particles. The relationships were statistically significant in b (second-order quadratic regression fitted) and g (simple linear regression fitted).
entangle frequency and intensity when intensity is measured as the percentage of space disturbed and frequency as the number of occasions when more than an arbitrarily defined percentage of area is disturbed. More frequently disturbed stream sites are also more intensely disturbed.
The central importance of disturbances in the development of ecological theory (Begon et al. 1996 ) places a high premium on finding appropriate ways to measure disturbance. Our measures of disturbance are undoubtedly imperfect, particularly because the tracer particles were placed on the streambed when, in reality, much of the substratum consists of embedded particles that are less likely to move at a given discharge than surface particles. Moreover, other potentially influential aspects of disturbance for benthic invertebrates, such as abrasion and high shear stress, are ignored. Nevertheless, our a priori choices of disturbance measures were related to taxon richness as predicted by the intermediate disturbance hypothesis. The method provides a comparative index that may be of general value in studies of disturbance in streams. Tests of disturbance theory require that disturbance be defined relative to the organisms of interest. Thus, for example, the measurement in streams of the frequency with which certain sizes of discharge event occur (Resh et al. 1988) is not likely to be appropriate for organisms that inhabit the streambed because the impact of these events also will vary with substratum composition. Disturbance needs to be assessed in terms of bed movement itself.
Floods with their associated bed movements can have a severe impact on the community of organisms in streams and rivers (Siegfried and Knight 1977; Scrimgeour and Winterbourn 1989; Giller et al. 199 1; Flecker and Feifarek 1994) . Despite the sometimes catastrophic effects of floods, community recovery can be very rapid, resulting in a community structure similar to that preceding the disturbance (Fisher et al. 1982; Molles 1985; Townsend et al. 1987; Scrimgeour et al. 1988) . The presence of a range of refugia, each likely to be used by different sets of species, must be largely responsible for this resilience. Our analysis of the potential importance of refugia in maintaining biodiversity is very preliminary but indicates that the availability of large substratum particles and dead space may be influential. Doledec and Statzner (1994) have also recorded a positive relationship between species richness in habitats of the Rhiine river and a spatial variability index defined partly by grain size.
The preservation (or restoration) of natural and diverse communities in our streams and rivers is likely to depend on identifying and protecting (and enhancing) refugia. Moreover, an intermediate level of disturbance may often itself be responsible for generating some of the richness of communities, as indicated here. Patterns of abstraction or impoundment of river water for human benefit will need to consider these patterns if we wish to achieve the objective of maintaining high biodiversity.
